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DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean patent application 10-2019-00257731 filed on Mar. 6,

2019 1n the Korean Intellectual Property Oflice, the entire
disclosure of which is incorporated herein by reference.

BACKGROUND

1. Field

Aspects of the present disclosure generally relate to a
display device and a method of driving the same.

2. Related Art

In a flexible display device such a foldable display device
or a rollable display device, at least one area of a display
panel 1s deformed. Accordingly, there have been conducted
studies on display devices configured to support an entire
display mode for displaying a valid image by entirely using
a display area and to support a partial display mode for
displaying a valid image by using only a portion of the
display area. A display device configured to support a

plurality of display modes as described above 1s efliciently
driven depending on a use environment or state, so that the

convenience of use can be improved.

SUMMARY

Aspects ol embodiments are directed to a display device
configured to display a supplementary image at a portion at
which a valid image 1s not displayed in a display area.

Aspects of embodiments are also directed to a method of
driving the display device.

According to some embodiments of the present disclo-
sure, there 1s provided a display device including: a display
panel including a first display area and a second display area
adjacent to the first display area; a processor configured to
generate {irst 1mage data corresponding to the first and
second display areas for a first mode, and to generate second
image data corresponding to the first display area for a
second mode; and a display driver configured to drive the
display panel in response to the first image data in the first
mode, and to drive the display panel in response to the
second 1mage data in the second mode, wherein a supple-
mentary 1image 1s displayed 1n at least a portion of the second
display area in the second mode.

In some embodiments, the supplementary image 1s shifted
according to a scenario in the second display area.

In some embodiments, the supplementary image 1s
shifted, so that each of pixels corresponding to the second
display area emits light for an 1image quality compensation
time or more 1n a shift period.

In some embodiments, the display driver includes an
image compensator configured to generate supplementary
image data for generating and shifting the supplementary
image 1n the second mode.

In some embodiments, the 1image compensator 1s config-
ured to generate the supplementary image data in a first
period of the second mode, and to not generate the supple-
mentary 1mage data 1n a second period of the second mode.
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In some embodiments, the supplementary image 1s dis-
played while being shifted during the first period of the
second mode, and 1s not displayed 1n the second display area
during the second period of the second mode.

In some embodiments, the 1mage compensator 1s config-
ured to generate the supplementary image data by using
image data of a boundary pixel column among pixel col-
umns provided 1n the first display area, the boundary pixel
column being adjacent to the second display area.

In some embodiments, the 1mage compensator 1s config-
ured to generate the supplementary image data by using an
average ol 1mage data of a plurality of boundary pixel
columns among pixel columns provided in the first display
arca, the boundary pixel columns being adjacent to the
second display area.

In some embodiments, the 1mage compensator 1s config-
ured to gradually change a luminance or a color of the
supplementary 1image as 1t becomes more distant from the
first display area.

In some embodiments, the 1mage compensator 1s config-
ured to decrease the luminance of the supplementary image
as 1t becomes more distant from the first display area.

In some embodiments, the display driver further includes:
a data driver configured to generate data signals respectively
corresponding to the first image data, the second 1image data,
and the supplementary image data; a scan driver configured
to generate a scan signal and to supply the scan signal to the
display panel; and a timing controller configured to control
driving of the data driver, the scan driver, and the image
compensator in response to a control signal from the pro-
CESSOT.

In some embodiments, the first display area and the
second display area vary when the display panel 1s
deformed.

In some embodiments, the second display area corre-
sponds to a portion that 1s not exposed to a user when a
portion of the display panel 1s rolled or bent.

In some embodiments, an 1mage compensator 1s config-
ured to generate supplementary image data by using image
data of a boundary pixel column among pixel columns
provided in the first display area, the boundary pixel column
being adjacent to the second display area.

In some embodiments, the 1mage compensator 1s config-
ured to shift the supplementary image data such that the
supplementary 1mage 1s shifted in the second display area.

In some embodiments, the display device {further
includes: a sensor configured to output a sensing signal by
sensing a deformation of the display panel.

In some embodiments, the processor 1s driven 1n the first
mode or the second mode 1n response to the sensing signal.

According to some embodiments of the present disclosure
there 1s provided a method of driving a display device, the
method 1including: selecting one mode from a first mode and
a second mode; displaying a valid image 1n a first display
arca and a second display area, corresponding to the first
mode; displaying the valid image in the first display area,
corresponding to the second mode; generating supplemen-
tary 1mage data corresponding to at least a portion of the
second display area, corresponding to the second mode; and
displaying and shifting a supplementary image 1n the second
display area, corresponding to the supplementary image
data.

In some embodiments, the method further includes out-
putting a sensing signal by sensing a deformation of a
display panel including the first and second display areas,
wherein one mode 1s selected from the first and second
modes 1n response to the sensing signal.
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In the second mode (partial display mode), the display
device and the method of drniving the same according to
example embodiment may generate a supplementary image
displayed at the boundary between the first display area and
the second display area 1s generated, and shift the supple-
mentary 1mage according to a set or predetermined shift
scenario. Thus, a degradation deviation (e.g., an 1mage
quality deviation or an afterimage) that may occur at the
boundary at which the display panel 1s folded or bent can be
substantially reduced or minimized.

Further, a degradation deviation (e.g., viewing of the
boundary) 1n the second display area, which may occur
when the static supplementary image 1s displayed in the
vicinity of only the boundary between the first and second
display areas, can be substantially reduced or mimimized due
to the shift of the supplementary image. Accordingly, the
image quality of the display device having a flexible display
panel such as a foldable display panel, a slidable display
panel, or a rollable display panel can be improved.

BRIEF DESCRIPTION OF THE

DRAWINGS

Example embodiments will now be described more fully
hereinafter with reference to the accompanymg drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the example embodiments to those
skilled 1n the art.

In the drawings, dimensions may be exaggerated for
clanity of illustration. Like reference numerals refer to like
clements throughout.

FIGS. 1A-1B are diagrams 1llustrating an example of a
display panel included 1n a display device i accordance
with an example embodiment of the present disclosure.

FIGS. 2A-2B are diagrams 1llustrating an example of a
display panel included in a display device in accordance
with an example embodiment of the present disclosure.

FIG. 3 1s a block diagram illustrating a display device in
accordance with an example embodiment of the present
disclosure.

FIGS. 4A-4C are diagrams 1llustrating an example of an
image displayed in a display area of a display panel accord-
ing to a mode of the display device shown in FIG. 3.

FIGS. 5A-5B are diagrams 1llustrating an example of an
image displayed on the display panel when the display
device shown 1n FIG. 3 1s driven 1n a second mode.

FIG. 6 1s a diagram 1illustrating an example of driving of
the display device shown in FIG. 3 1n the second mode.

FIGS. 7A-7B are diagrams 1llustrating an example of an
image displayed on the display panel when the display
device shown 1n FIG. 3 1s driven 1n the second mode.

FIG. 8 1s a diagram 1llustrating an 1image displayed on the
display panel when the display device shown i FIG. 3 1s
driven 1n the second mode.

FIG. 9 1s a flowchart illustrating a method of driving a
display device 1 accordance with an example embodiment
of the present disclosure.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present dis-
closure will be described 1n more detail with reference to the
accompanying drawings. Throughout the drawings, the
same reference numerals are given to the same elements, and
their overlapping descriptions may be omaitted.
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FIGS. 1A and 1B are diagrams 1llustrating an example of
a display panel included 1n a display device in accordance
with an embodiment of the present disclosure.

Referring to FIGS. 1A and 1B, the display panel 100 may
include a display area DA 1n which a plurality of pixels are
included.

The display area DA may display an image corresponding,
to 1mage data.

In some embodiments, the display panel 100 may be a
flexible display panel. In an example, at least one area of the
display panel 100 may be flexibly implemented such that the
display panel 100 1s bendable, foldable, and/or rollable.

In some embodiments, the display panel 100 may include
a flexible substrate and a plurality of pixels provided on the
flexible substrate. However, 1n the present disclosure, the
kind and/or shape of the display panel 100 1s not particularly
limaited.

In some embodiments, the display panel 100 may display
a valid image 1n the entire display area DA 1n a state 1n which
the display panel 100 1s not deformed, such as a state in
which the display panel 100 1s flatly unfolded. Also, the
display panel 100 may display a valid image in only a partial
area 1n the display area DA, for example, a partial area
exposed to a user 1n a state 1n which the display panel 100
1s deformed, such as a state 1n which the display panel 100
1s bent, folded, and/or rolled. Herein, a *“valid image™ may
be an 1mage that 1s intended to be displayed to a user of the
display device.

As shown in FIGS. 1A and 1B, the display panel 100 may
be out-folded. For example, the display panel 100 may be
out-folded such that the display area DA faces the outside
with respect to a folding axis FA2. However, this 1s merely
illustrative, and the display panel 100 may be implemented
such that both in-folding and out-folding of the display panel
100 are possible. A folding axis for in-folding and the
folding axis FA2 for out-folding may correspond to each
other, or may not correspond to each other.

In some embodiments, the display panel 100 may be a
slidable display panel. For example, the folding axis FA2
with respect to which the display panel 100 1s out-folded
may vary. In some examples, a supporting member for
supporting the slidable display panel may include a plurality
ol joints, so that a folding axis of the slidable display panel
varies. Accordingly, when the display panel 100 1s folded or
bent, the size of a first display area in which a valid image
1s displayed may be changed. The size of a second display
area 1n which the valid image 1s not displayed may be
changed corresponding to a change in the first display area.
In an example, when the size of the first display area 1is
increased, the area of the second display area may be
decreased.

FIGS. 2A and 2B are diagrams 1llustrating an example of
a display panel included 1n a display device 1n accordance
with an embodiment of the present disclosure.

Referring to FIGS. 2A and 2B, the display panel may be
a rollable display panel. In an example, the display panel 100
may be rolled such that a display area DA faces the outside
thereof, or may be rolled such that the display area DA faces
the inside thereof. That 1s, at least one area of the display
panel 100 may be rolled, and the rolling direction of the
display panel 100 1s not particularly limaited.

In an embodiment, a portion exposed to a user when the
display panel 100 1s unfolded displays a valid image as a first
display area. In addition, another portion of the display panel
100, which 1s not exposed to the user when the display panel
100 1s rolled or bent, does not display any valid image as a
second display area.
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FIG. 3 1s a block diagram illustrating a display device in
accordance with an embodiment of the present disclosure.

Referring to FIG. 3, the display device 1000 may include
a display panel 100, a display driver 200, and a processor
300. In some embodiments, the display device 1000 may
turther include a sensor 400 configured to sense a deforma-
tion of the display panel 100.

The display panel 100 may be the above-described flex-
ible display panel. That 1s, the display panel 100 may be
configured to be bendable, foldable, and/or rollable.

The display device 1000 having the display panel 100
may display a valid image in different areas (e.g., areas
having different sizes, diflerent positions, and/or diflerent
ranges) of the entire display area DA depending on a use
environment, condition, and/or state. In an example, the
display mode of the display panel 100 may be switched to
a partial display mode (e.g., a second mode) such that the
display panel 100 1s driven in the partial display mode 1n a
state 1n which the display panel 100 1s out-folded, and the
display panel 100 may display a set or predetermined valid
image by using only a partial area exposed to a user 1n the
entire display area DA during a period in which the partial
display mode 1s executed.

Although a case where the display area DA (including
AA1 and AA2) has a shape long in the horizontal direction
1s 1llustrated 1n FIG. 3, the present disclosure 1s not limited
thereto. That 1s, 1n the present disclosure, the shape or
disposition direction of the display area DA 1s not particu-
larly limited. For example, in some embodiments, the dis-
play areca DA may have a shape long in the horizontal
direction or vertical direction according to a use direction of
the display device, and an 1mage displayed in the display
area DA may be rotated according to the use direction.

In an embodiment, the display area DA may be divided
into a plurality of areas. For example, the display area DA
may include a first display area AA1 and a second display
area AA2 adjacent thereto. However, this 1s merely 1llustra-
tive, and the number of sub-display areas (e.g., the first and
second display areas AA1 and AA2) constituting the display
area DA 1s not limited thereto.

In some embodiments, at least one kind of lines selected
from scan lines S and data lines D, which are disposed 1n the
first and second display arecas AAl1 and AA2, may be
continuously disposed without interruption between the first
and second display areas AA1 and AA2. For example, each
scan line S may be continuously disposed between the first

and second display arcas AA1 and AA2. That 1s, the scan
lines S may extend in a {irst direction crossing the first and
second display areas AA1 and AA2.

In some examples, each data line D may be continuously
disposed between the first and second display areas AA1 and
AA2. That 1s, the data lines D may be disposed 1n a second
direction crossing the first and second display areas AA1 and
AA2. However, the present disclosure 1s not limited thereto.

Each of the first and second display areas AA1 and AA2
includes a plurality of first or second pixels P1 or P2. For
example, the first display area AA1 may include a plurality
of scan lines S, a plurality of data lines D, and a plurality of
first pixels P1 coupled to the scan lines S and the data lines
D. In addition, the second display area AA2 may include a
plurality of scan lines S, a plurality of data lines D, and a
plurality of second pixels P2 coupled to the scan lines S and
the data lines D.

The display driver 200 may include an 1mage compensa-
tor 220, a scan driver 240, a data driver 260, and a timing
controller 280. In some embodiments, the 1mage compen-
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6

sator 220 may be provided 1n the timing controller 280, but
the present disclosure 1s not limited thereto.

In some embodiments, the scan driver 240, the data driver
260, and the timing controller 280 may be integrated
together (e.g., be integrally formed). In an example, the
display driver 200 may be mmplemented with a TCON
embedded driver IC (TED D-IC) having the timing control-
ler 280 embedded therein. However, the present disclosure
1s not limited thereto. For example, 1n another embodiment
of the present disclosure, at least one of the scan driver 240,
the data driver 260, and the timing controller 280 may be
separated.

The scan driver 240 1s supplied with a scan control signal
SCS from the timing controller 280, and generates a scan
signal SS, corresponding to the scan control signal SCS. In
some embodiments, the scan control signal SCS may
include a gate start pulse and a gate shift clock. In some
embodiments, the scan driver 240 may sequentially generate
a scan signal SS by sequentially shifting the gate start pulse,
using the gate shift clock, and supply the scan signal SS to
the scan lines S.

The data driver 260 1s supplied with a data control signal
DCS and image data DATA2 (or compensated image data).
In some embodiments, the data control signal DCS may
include a source start pulse, a source shift clock, and a
source output enable signal. The data driver 260 generates a
data signal DS corresponding to the image data DATAZ2,
using the data control signal DCS, and supplies the data
signal DS to the data lines D.

When the display device 1s driven 1n an entire display
mode (e.g., full display mode; hereinatter, also referred to as
a first mode) for displaying a valid image in the entire
display area DA, the timing controller 280 may convert
input 1mage data (e.g., first image data DATA1L) received
from the processor 300, and supply converted image data
DATAT' to the data driver 260. The first image data DATA1
may correspond to the first and second display areas AA1
and AA2.

When the display device i1s driven 1n a partial display
mode (hereinafter, referred to as a second mode) for dis-
playing a valid image 1in only a partial area of the display
areca DA, for example, the first display area AA1, the timing
controller 280 may convert mput image data (e.g., second
image data DATA2) received from the processor 300, and
supply converted image data DATA2' to the data driver 260.
The second image data DATA2 may correspond to the first
display areca AAL.

In the second mode, the image compensator 220 may
receive second 1mage data DATA2 from the processor 300.
The 1mage compensator 220 may generate supplementary
image data SDATA for displaying a supplementary image n
at least a portion of the second display area AA2 by using the
second 1mage data DATA2. The supplementary image data
SDATA may be provided to the timing controller 280. In an
embodiment, the timing controller 280 may convert the
second 1mage data DATA2 and the supplementary image
data SDATA, and supply converted image data DATA2' to
the data driver 260. The data driver 260 generates a data
signal DS corresponding to the converted image data
DATAZ2', and accordingly, the display panel 100 can display
an 1mage corresponding to the converted i1mage data
DATA2'.

In an embodiment, the 1mage compensator 220 may
generate and/or convert supplementary image data SDATA
such that a supplementary image 1s periodically shifted in
the second display area AA2. In an example, the 1image
compensator 220 may generate supplementary image data
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SDATA by converting the second image data DATA2, or
load supplementary image data SDATA set 1n a memory or
the like and provide the supplementary image data SDATA
to the timing controller 280.

In some embodiments, the supplementary 1image may be
displayed adjacent to a boundary between the first display
area AA1 and the second display areca AA2. The supple-
mentary 1image may be displayed 1n a portion of the second
display area AA2, and be periodically moved 1n the second
display area AA2. The supplementary image may be moved
in only a partial range of the second display area AA2, and
be sequentially displayed in the entire second display area
AA2. In some embodiments, the grayscale and/or luminance
of the supplementary image may be determined based on
second 1mage data DATAZ2 corresponding to the first display
arca AA1. For example, the supplementary image may be a
gradation 1image of which the grayscale and/or luminance 1s
decreased as 1t becomes distant from the first display area
AAl.

Accordingly, a degradation deviation between first and
second pixels P1 and P2 disposed in a boundary area
between a valid display area (e.g., the first display area AA1)
and an invalid display area (e.g., the second display area
AA2) can be decreased or reduced during a period 1n which
the display device 1000 1s driven in the second mode. In
addition, all pixels 1n the entire second display area AA2 can
emit light for a certain time (e.g., a set or predetermined
image quality compensation time) or more due to the shift of
the supplementary image during the second mode. Thus, a
degradation deviation between the entire second display area
AA2 and the entire first display area AA1 can be decreased.
Accordingly, viewing of the boundary between the first
display areca AA1 and the second display area AA2 can be
mimmized or prevented even during a period in which the
display device 1s driven in the first mode, and an i1mage
quality deviation between the first display area AA1 and the
second display area AA2 can be reduced or minimized.

Although a case where the 1image compensator 220 1s
separated from the timing controller 280, the data drniver
260, etc. 1s 1llustrated 1n FIG. 3, the present disclosure 1s not
limited thereto. For example, at least a portion of the image
compensator 220 may be provided in the timing controller
280 and/or the data driver 260. In some examples, the image
compensator 220 may be provided in the processor 300.

The processor 300 generates a control signal CS for
driving the display driver 200 and/or the display panel 100
and mput 1mage data DATA1 or DATA2. In some embodi-
ments, the processor 300 may be an application processor of
a mobile device. However, the kind of processor 300 1s not
limited thereto, and the processor 300 may be another kind
of processor corresponding to the display device.

The processor 300 may select one of the first mode (or the
tull/entire display mode) and the second mode (or partial
display mode), and control the display driver 200 and/or the
display panel 100 according to the selected mode. For
example, the processor 300 may supply first image data
DATAI1 corresponding to the entire display area DA and a
control signal CS for controlling the display driver 200 to the
display driver 200, corresponding to the first mode. In some
examples, the processor 300 may supply second 1mage data
DATA2 corresponding to the first display area AA1 and a
control signal CS to the display driver 200, corresponding to
the second mode. For convenience, in the embodiment of the
present disclosure, the display mode of the display device 1s
generally divided into two modes, but the present disclosure
1s not limited thereto. For example, the second mode may be
segmented 1to a plurality of partial display modes for
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partially a valid image 1n areas having different positions
and/or areas having different ranges. The display mode of
the display device may be divided into at least three modes.

In some embodiments, a sensing signal SES may include
information on a deformation of the display panel 100, a
deformation degree and/or a deformation area. The proces-
sor 300 may select any one mode and/or any one valid
display area, corresponding to the sensing signal SES, and
operate corresponding to the selected mode. For example,
the processor 300 may generate a selection signal corre-
sponding to the selected mode, and generate second 1mage
data DATA2 by matching a set or predetermined image to be
displayed to the selected valid display area.

In some embodiments, the selection signal may be
included i1n the control signal CS to be supplied to the
display driver 200. Then, the display driver 200 may operate
in the first mode or the second mode, corresponding to the
selection signal. In an example, the selection signal may
control an operation of the image compensator 220.

The sensor 400 may include a sensing element for sensing
a use environment and/or a state of the display device. In an
example, the sensor 400 may include a sensing element that
1s provided at the inside or periphery of the display panel
100 to sense a deformation of the display panel 100 and
outputs a sensing signal SES corresponding to the sensed
deformation. In the embodiment of the present disclosure,
the kind of sensor 400 1s not particularly limited. That is, the
sensor 400 may be implemented with various types of
sensing e¢lements currently known in the art, such as a
bending sensor, a folding sensor, and an acceleration sensor.

As described above, the display device 1n accordance with
the embodiment of the present disclosure can display a
supplementary image periodically shifted 1n the second area
AA2 (e.g., the mvalid display area) during a period the
display device 1s driving in the second mode (or partial
display mode). Thus, occurrence of a rapid luminance
change between the valid display area and the invalid
display area can be prevented. Accordingly, a degradation
deviation between the pixels of not only the boundary area
between two adjacent display areas, for example, the first
and second display areas AA1 and AA2 but also the entire
display area can be decreased or reduced. Thus, although the
display mode of the display device 1000 1s switched to the
first mode after the display device 1000 1s driven in the
second mode for a long time, an afterimage of the display
area DA can be prevented or minimized, and the image
quality (or image quality deviation) of the display device
1000 can be improved.

FIGS. 4A to 4C are diagrams illustrating an example of an
image displayed in the display area of the display panel
according to a mode of the display device shown in FIG. 3.

Referring to FIGS. 3 to 4C, the display device may be
driven 1n a first mode MODEFE1 or a second mode MODE2
depending on a set or predetermined use environment, a set
or predetermined state, and/or a set or predetermined con-
dition.

In an embodiment, the display device may be driven 1n the
first mode MODE] 1n a state 1n which the display panel 100
(or the display area DA) 1s completely unfolded. For
example, when the sensor 400 does not sense a deformation
(bending or folding) of the display panel 100, the display
device may be driven 1n the first mode MODEI].

The processor 300 may set the entire display area DA
including the first and second display areas AA1 and AA2 as
a valid display area, corresponding to the first mode
MODUEI1, and generate first image data DATA1 correspond-
ing to the entire display area DA.




US 11,636,329 B2

9

The display dniver 200 may generate a first data signal
corresponding to the first image data DATAI1, and supply the
first data signal to the first and second pixels P1 and P2
through the data lines D. Accordingly, as shown in FIG. 4A,
a set or predetermined valid image corresponding to the first
image data DATA1 can be displayed in the entire display
area DA.

In an embodiment, the display device may be driven in the
second mode MODE2 1n a state 1n which the display panel
100 (or the display area DA) 1s deformed. For example,
when the sensor 400 senses a deformation (bending or
folding) of the display panel 100, the display device may be
driven 1n the second mode MODE2. Specifically, when the
display panel 100 1s out-folded at a set or predetermined
rotation angle or more, the sensor 400 may output a sensing
signal SES.

In some examples, the sensor 400 may detect a folded
portion of the display panel 100. For example, when the
display panel 100 1s a slidable display panel, the sensor 400
may sense a portion folded or bent at a set or predetermined
rotation angle or more (1.e., a deformed portion), and the
sensing signal SES may include a position information of
the deformed portion of the display panel 100. Accordingly,
the first display area AA1 and the second display area AA2
can be determined based on the position information.

In an embodiment, the processor 300 may determine the
first display area AA1 and the second display arca AA2,
corresponding to the sensing signal SES and the second
mode MODE?2. A valid image 1s displayed in the first display
area AAl. The second display area AA2 may correspond to
a portion that 1s not exposed to a user when a portion of the
display panel 100 1s rolled or bent.

The processor 300 may match an image to be displayed to
the first display area AA1, and generate second 1image data
DATA2 corresponding to the first display area AA1. Accord-
ingly, as shown 1n FIGS. 4B and 4C, an image (valid image)
to be displayed can be displayed in the first display area
AAL.

In the second mode MODE?2, the image compensator 220
may generate supplementary image data SDATA corre-
sponding a supplementary image displayed in the second
display area AA2, based on a control signal CS. The image
compensator 220 may generate supplementary image data
SDATA by using the second image data DATA2, or load
pre-stored supplementary image data SDATA. Also, the
image compensator 220 may convert the supplementary
image data SDATA such that the supplementary image is
shifted in the second display area AA2. Accordingly, the
supplementary 1image can be displayed while being moved
in the second display area AA2 during the second mode
MODE2.

In an embodiment, in the second mode MODE2, the
image compensator 220 may generate supplementary image
data SDATA by using image data of boundary pixel columns
adjacent to the second display arca AA2 among pixel
columns provided in the first display area AAl. For
example, the supplementary image data SDATA may be
identical to image data of the last pixel column most
adjacent to the second display area AA2 among the bound-
ary pixel columns. In some examples, the supplementary
image data SDATA may be set to an average value of image
data of a plurality of boundary pixel columns. In some
examples, the supplementary image data SDATA may be
generated to correspond to the supplementary 1image having
a color or luminance gradually changed as 1t becomes distant
from the first display area AA1. Although a case where the
supplementary 1mage and the supplementary image data
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SDATA are generated and moved with respect to a pixel
column 1s illustrated for convenience of description, the
supplementary 1mage and the supplementary image data
SDATA 1s not limited thereto. For example, the supplemen-
tary 1mage data SDATA may be generated 1n unmits of pixel
rows according to the arrangement of the data lines D, the
deformation shape of the display panel 100, etc.

FIGS. 5A and 5B are diagrams 1llustrating an example of
an 1mage displayed on the display panel when the display
device shown 1n FIG. 3 i1s driven 1n the second mode.

Referring to F1IGS. 3, 5A, and 5B, when the display device
1000 1s driven 1n the second mode, the display area DA may
be divided into a first display area AA1 in which a valid
image 1s displayed and a second display area AA2 1n which
an mvalid image 1s displayed. A supplementary image SIA
may be included 1n the mvalid image.

In the second mode, the 1mage compensator 220 may
generate supplementary 1mage data SDATA corresponding
to the supplementary image SIA. Also, the 1mage compen-
sator 220 may shift the supplementary image data SDATA
such that the supplementary 1image SIA 1s shifted according
to a set or predetermined scenario 1n the second display area
AA2. For example, the supplementary image SIA may be
moved 1n the second display area AA2 according to a set or
predetermined shift period and a set or predetermined shift
direction D. Although a case where the shift direction D 1s
a horizontal direction 1s illustrated 1n FIGS. 5A and 5B, the
shift direction SD and a shiit pattern are not limited thereto.
For example, the shift pattern may be variously set, includ-
ing a vertical movement pattern, a spiral movement pattern,
and the like.

When the supplementary image SIA 1s shifted, each of the
pixels included 1n the second display areca AA2 can emit
light for a set or predetermined 1image quality compensation
time 1n a set or predetermined shift period. For example, in
the shift period, the supplementary image SIA may be
moved 1n the entire range of the second display area AA2.
As shown 1n FIGS. 5A and 5B, the supplementary image
SIA 1s an 1mage displayed on a plurality of pixel columns
and all pixel rows corresponding thereto, and may be moved
to the left or right at a set or predetermined pixel interval.
Accordingly, the supplementary image SIA can be displayed
in the entire second display areca AA2 with a time difference.

In an embodiment, the supplementary image SIA may be
an 1mage set regardless of the grayscale and/or luminance of
the first display area AA1. For example, the supplementary
image data SDATA may have a set or predetermined lumi-
nance and a set or predetermined grayscale value, and the
supplementary image SIA may be displayed regardless of an
image corresponding to the second image data DATA2.

In some embodiments, the 1mage compensator 220 may
generate supplementary image data SDATA by using image
data of a boundary pixel column BPA adjacent to the second
display areca AA2 among the pixel columns provided in the
first display area AA1. The boundary pixel column BPA may
correspond to one pixel column, and correspond to a plu-
rality of consecutive pixel columns. The supplementary
image SIA includes a plurality of pixel columns.

For example, when the image compensator 220 uses
image data corresponding to one boundary pixel column
BPA, image data of each of the pixel columns included in the
supplementary 1image data SDATA may be 1dentical to that
of the boundary pixel column BPA. The image compensator
220 may extract image data of the boundary pixel column,
and generate supplementary image data SDATA correspond-
ing to the supplementary image SIA by copying the corre-
sponding 1image data multiple times. That 1s, the supplemen-
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tary 1image data SDATA may be image data obtained by
copying the image data of the boundary pixel column BPA
multiple times. The image compensator 220 may shift the
supplementary image data SDATA generated 1n the above-
described manner to a set or predetermined data line position
for each set or predetermined time.

In an embodiment, the i1mage compensator 220 may
generate supplementary image data SDATA by using an
average of 1image data of at least one boundary pixel column
BPA. The image compensator 220 includes a data averaging
unit. For example, the data averaging unit (or the image
compensator 220) may calculate an average of grayscale
values of 1mage data included 1n a plurality of boundary
pixels BPA, and determine the average of the grayscale
values as the supplementary image data SDATA. Accord-
ingly, the supplementary image SIA can be an 1mage having
a uniform grayscale corresponding to the average of the
grayscale values.

Although a case where the supplementary image SIA 1s
moved throughout the entire second display arca AA2 1s
illustrated 1n FIGS. 5A and 5B, the present disclosure 1s not
limited thereto. For example, the supplementary image SIA
may be moved in a set or predetermined pattern to an
intermediate area of the second display area AA2 from the
boundary between the first display area AA1 and the second
display area AA2.

As described above, 1n the second mode, the display
device 1 accordance with the embodiment of the present
disclosure can generate supplementary image SIA displayed
at the boundary between the first display areca AA1 and the
second display area AA2, and shift the supplementary image
SIA according to a set or predetermined shift scenario. Thus,
a degradation deviation (e.g., an 1image quality deviation or
an afterimage) that may occur at the boundary between the
first display area AA1 and the second display area AA2 can
be reduced or mimimized. Further, a degradation deviation
(e.g., viewing of the boundary) 1n the second display area
AA2, which may occur when the static supplementary
image SIA 1s displayed 1n the vicinity of only the boundary
between the first and second display areas AA1 and AA2,
can be reduced or mimmimized due to the shift of the supple-
mentary 1mage SIA.

FIG. 6 1s a diagram 1llustrating an example of driving of

the display device shown in FIG. 3 1n the second mode.

Referring to FIGS. 3, 5A, 5B, and 6, the display device
1000 driven in the second mode MODE2 may control a
period 1n which a supplementary image SIA 1s displayed and
shifted.

In an embodiment, the 1image compensator 220 generates
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the second mode MODE?2, and does not generate the supple-
mentary 1image data SDATA 1n a second period PD2 of the
second mode MODE2. For example, the image compensator
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data SDATA 1s to be generated by distinguishing the first and
second periods PD1 and PD2 from each other, using the
frame counter. In some embodiments, the 1mage compen-
sator 220 does not operate in the second period PD2.

In response to an operation of the image compensator 220,
the supplementary image SIA 1s shifted and displayed during
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period PD2 of the second mode MODE?2.
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a shift scenario 1s repeated at a set or predetermined number
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mentary 1mage SIA reciprocates between the first pixel
column of the second display area AA2, which 1s adjacent to
the boundary pixel column BPA, and the last pixel column
of the second display area AA2 may be repeated multiple
times during the first period PD1.

In some embodiments, the supplementary image SIA
unrelated to an 1mage of the first display area AA1 may be
displayed 1n the first period PD1.

In the second period PD2, image data corresponding to
the second display area AA2 is not generated. Therefore, the
second display area AA2 may be 1n a turn-ofl state during
the second period PD2.

As described above, the driving of the image compensator
220 for generating the supplementary image SIA 1s periodi-
cally turned off 1n the second mode MODE2, so that power
consumption can be reduced.

FIGS. 7A and 7B are diagrams 1llustrating an example of

an 1mage displayed on the display panel when the display

device shown in FIG. 3 1s driven 1n the second mode.
The display device shown 1n FIGS. 7A and 7B includes a

configuration and an operating scheme, which are substan-
tially identical or similar to those of the display device
shown 1n FIGS. 5A and 5B, except a method of generating
supplementary image data SDATA. Therefore, in FIGS. 7TA
and 7B, components similar or 1identical to those shown 1n
FIGS. SA and 5B are designated by like reference numerals,
and their overlapping descriptions may be omitted.

Referring to FIGS. 7A and 7B, the image compensator
220 may generate supplementary image data SDATA cor-
responding to a supplementary image SIA, based on image
data of the boundary pixel column BPA.

In some embodiments, the 1mage compensator 220 may
generate supplementary image data by using an average of
image data of boundary pixel columns BPA. The image
compensator 220 may generate supplementary image data
such that the luminance or color of the supplementary image
SIA 1s gradually changed as 1t becomes distant from the first
display area AAL.

When the supplementary image SIA includes first to kth
(k 1s a natural number greater than 1) pixel columns, a pixel
column (hereinafter, referred to as the first pixel column) of
the supplementary image, which 1s most adjacent to the
boundary pixel column BPA, may correspond to an average
value of the 1image data of the boundary pixel columns BPA,
and a pixel column (heremaftter, referred to as the kth pixel
column) of the supplementary image SIA, which 1s located
most distant from the boundary pixel column BPA, may
have a value different from the average value of the image
data of the boundary pixel columns BPA. For example, the
luminance or color of the supplementary 1image SIA may be
gradually decreased as it approaches from the first pixel
column to the kth pixel column. The image compensator 220
may determine supplementary image data SDATA corre-
sponding to the second to kth pixel columns by applying a
set or predetermined weighted value to a grayscale value of
supplementary image data SDATA corresponding to the first
pixel column. For example, the weighted value may be set
such that the grayscale or luminance of the supplementary
image SIA 1s gradually decreased as 1t becomes distant from
the first display area AA1. That 1s, the weighted value may
be changed 1n a set or predetermined pixel column unait.

However, this 1s merely 1llustrative, and the grayscale or
luminance of the supplementary image SIA may be gradu-
ally increased as it approaches from the first pixel column to
the kth pixel column. In addition, the supplementary image
SIA and the supplementary image data SDATA may be set
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regardless of the grayscale value of the boundary pixel
column BPA or the average grayscale value of the boundary
pixel columns BPA.

FIG. 8 1s a diagram 1illustrating an 1mage displayed on the
display panel when the display device shown i FIG. 3 1s
driven 1n the second mode.

The display device shown in FIG. 8 1s substantially
identical to the display device shown in FIGS. 5A and 5B,
except the shape and shift pattern of a supplementary image.
Therefore, mn FIG. 8, components similar or identical to
those shown i FIGS. 5A and 5B are designated by like
reference numerals, and their overlapping descriptions may
be omitted.

Referring to FIG. 8, a supplementary image SIA may
correspond to portions of some pixel columns included 1n
the second display area AA2 and portions of pixel rows
overlapping with the pixel columns. Although a case where
the supplementary image SIA has a quadrangular shape 1s
illustrated 1n FIG. 8, the size and shape of the supplementary
image SIA are not limited thereto. For example, the supple-
mentary 1mage SIA may be an image having a circular
shape, an elliptical shape, or the like, which i1s displayed 1n
a portion of the second display areca AA2.

The supplementary image SIA may be moved 1n a spiral
shift pattern in the second mode. However, this 1s merely
illustrative, and the shiit pattern of the supplementary image
SIA 1s not limited thereto.

FIG. 9 1s a flowchart illustrating a method of driving a
display device in accordance with an embodiment of the
present disclosure.

Referring to FIGS. 1A to 9, the method of drniving the
display device 1000 may select one mode selected from the
first mode MODEI1 and the second mode MODE2 (5200). A
valid 1image may be displayed 1n the first area AA1 and the
second display area AA2, corresponding to the first mode
MODE1 (5320 and S340), and a valid image may be
displayed in the first display area AA1, corresponding to the
second mode MODE2 (5420 and S440). In addition, supple-
mentary 1mage data SDATA corresponding to at least a
portion of the second display area AA2 may be generated
corresponding to the second mode MODE2 (5460), and a
supplementary 1mage SIA may be displayed while being
shifted in the second display area AA2, corresponding to the
supplementary 1mage data SDATA (S480).

One mode may be selected from the first mode MODEI1
and the second mode MODE2 (S200). In an embodiment, a
deformation of the display panel 100 including the first and
second display areas AA1 and AA2 may be sensed (5100),
and a sensing signal may be output. The display device 1000
may select one mode from the first and second modes
MODE1 and MODE2, corresponding to the sensing signal.
For example, when the display panel 100 1s folded or bent
to a set or predetermined angle or more, the second mode
MODE2 may be selected, and the first mode MODE1 may
be selected otherwise.

In the second mode MODE?2, supplementary image data
SDATA may be generated so as to display a supplementary
image SIA in the second display areca AA2 (S460), and the
supplementary 1mage SIA may be displayed while being
shifted according to a set or predetermined shift scenario 1n
the second display area AA2, corresponding to the supple-
mentary 1mage data SDATA.

The method of dnving the display device has been
described 1in detaill with reterence to FIGS. 1A to 8, and
therefore, overlapping descriptions may be omitted.

As described above, 1n the display device and the method
of driving the same 1n accordance with the embodiment of
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the present disclosure, 1n the second mode (partial display
mode), a supplementary image SIA displayed at the bound-
ary between the first display area AA1l and the second
display area AA2 1s generated, and 1s shifted according to a
set or predetermined shift scenario. Thus, a degradation
deviation (e.g., an 1mage quality deviation or an afterimage)
that may occur at the boundary between the first display area
AA1 and the second display areca AA2 can be reduced or
minimized.

Further, a degradation deviation (e.g., viewing of the
boundary) 1n the second display area AA2, which may occur
when the static supplementary image SIA 1s displayed in the
vicinity of only the boundary between the first and second
display areas AA1 and AA2, can be reduced or minimized
due to the shiit of the supplementary image SIA. Accord-
ingly, the image quality of the display device having a
flexible display panel such as a foldable display panel, a
slidable display panel, or a rollable display panel can be
improved.

It will be understood that, although the terms “first”,
“second”, “third”, etc., may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, a first element, component, region,
layer or section discussed below could be termed a second
clement, component, region, layer or section, without
departing from the spirit and scope of the inventive concept.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limat-
ing of the inventive concept. As used herein, the singular
forms “a” and “an” are mtended to 1include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “include,” “including,”
“comprises,” and/or “comprising,” when used 1n this speci-
fication, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems.

For the purposes of this disclosure, “at least one of X, Y,
and 77 and *“at least one selected from the group consisting
of X, Y, and Z” may be construed as X only, Y only, Z only,
or any combination of two or more of X, Y, and Z, such as,
for instance, XYZ, XYY, YZ, and Z7.

Further, the use of “may” when describing embodiments
ol the inventive concept refers to “one or more embodiments
of the mventive concept.” Also, the term “exemplary™ 1s
intended to refer to an example or illustration.

It will be understood that when an element or layer 1s
referred to as being “on”, “connected to”, “coupled to”, or
“adjacent” another element or layer, 1t can be directly on,
connected to, coupled to, or adjacent the other element or
layer, or one or more intervening elements or layers may be
present. When an element or layer 1s referred to as being
“directly on,” “directly connected to”, “directly coupled to”,
or “immediately adjacent” another element or layer, there
are no itervening elements or layers present.

The display device and/or any other relevant devices or
components according to embodiments of the present inven-
tion described herein may be implemented utilizing any
suitable hardware, firmware (e.g. an application-specific
integrated circuit), software, or a suitable combination of
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soltware, firmware, and hardware. For example, the various
components of the display device may be formed on one
integrated circuit (IC) chip or on separate 1C chips. Further,
the various components of the display device may be
implemented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
a same substrate. Further, the various components of the
display device may be a process or thread, running on one
Or more processors, 1 one or more computing devices,
executing computer program instructions and interacting
with other system components for performing the various
functionalities described herein. The computer program
instructions are stored 1 a memory which may be imple-
mented 1n a computing device using a standard memory
device, such as, for example, a random access memory
(RAM). The computer program instructions may also be
stored 1n other non-transitory computer readable media such
as, for example, a CD-ROM, flash drive, or the like. Also, a
person of skill in the art should recognize that the function-
ality of various computing devices may be combined or
integrated ito a single computing device, or the function-
ality of a particular computing device may be distributed
across one or more other computing devices without depart-
ing from the scope of the exemplary embodiments of the
present mvention.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted 1n a generic and descriptive sense only and
not for purpose of limitation. In some nstances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ¢le-
ments described 1n connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill 1n the art
that various changes 1n form and details may be made
without departing from the spirit and scope of the present
disclosure as defined by the following claims, and equiva-
lents thereof.

What 1s claimed 1s:

1. A display device comprising:

a display panel comprising a first display area and a

second display area adjacent to the first display area;

a processor configured to generate first image data cor-

responding to the first and second display areas for a
first mode, and to generate second 1mage data corre-
sponding to the first display area for a second mode;
and

a display driver configured to drive the display panel in

response to the first image data 1n the first mode, and to
drive the display panel in response to the second image
data 1n the second mode,
wherein the display driver comprises an image compen-
sator configured to generate supplementary 1mage data
based on the second image data to generate and peri-
odically shift a supplementary image in at least a
portion of the second display area that 1s a folded,
rolled, or bent display area in the second mode,

wherein, 1n the second mode, the supplemental 1image 1s
displayed and periodically shifted on a non-visible
portion of the second display area that 1s not exposed to
a user and 1s overlapped by another portion of the
display panel that 1s folded, rolled, or bent over the
non-visible portion, and

wherein the supplementary image corresponds to image

data of a boundary pixel column at a boundary of the
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first and second display areas, and remains the same
size as the supplementary image 1s shifted across the
non-visible portion of the second display area during
the second mode.

2. The display device of claim 1, wherein the supplemen-
tary 1mage 1s shifted according to a scenario 1n the second
display area.

3. The display device of claim 1, wherein the supplemen-
tary 1mage 1s shifted, so that each of pixels corresponding to
the second display area emits light for an i1mage quality
compensation time or more in a shift period.

4. The display device of claim 1, wherein the image
compensator 1s configured to generate the supplementary
image data 1n a first period of the second mode, and to not
generate the supplementary image data 1n a second period of
the second mode.

5. The display device of claim 4, wherein the supplemen-
tary 1mage 1s displayed while being shifted during the first
period of the second mode, and 1s not displayed in the
second display area during the second period of the second
mode.

6. The display device of claim 1, wherein the image
compensator 1s configured to generate the supplementary
image data by using the image data of the boundary pixel
column among pixel columns provided 1n the first display
area, the boundary pixel column being adjacent to the
second display area.

7. The display device of claim 1, wherein the image
compensator 1s configured to generate the supplementary
image data by using an average of image data of a plurality
of boundary pixel columns among pixel columns provided
in the first display area, the boundary pixel columns being
adjacent to the second display area.

8. The display device of claim 1, wherein the image
compensator 1s configured to gradually change a luminance
or a color of the supplementary image as it becomes more
distant from the first display area.

9. The display device of claim 8, wherein the image
compensator 1s configured to decrease the luminance of the
supplementary image as 1t becomes more distant from the
first display area.

10. The display device of claim 1, wherein the display
driver further comprises:

a data driver configured to generate data signals respec-
tively corresponding to the first image data, the second
image data, and the supplementary image data;

a scan driver configured to generate a scan signal and to
supply the scan signal to the display panel; and

a timing controller configured to control drniving of the
data driver, the scan driver, and the 1image compensator
in response to a control signal from the processor.

11. The display device of claim 1, wherein the first display
area and the second display area vary when the display panel
1s deformed.

12. The display device of claim 1, wherein the image
compensator 1s configured to generate the supplementary
image data by using the image data of the boundary pixel
column among pixel columns provided 1n the first display
area, the boundary pixel column being adjacent to the
second display area.

13. The display device of claim 12, wherein the 1mage
compensator 1s configured to shiit the supplementary image
data such that the supplementary image 1s shifted in the
second display area.

14. The display device of claim 1, further comprising:

a sensor configured to output a sensing signal by sensing,

a deformation of the display panel.
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15. The display device of claim 14, wherein the processor
1s driven 1n the first mode or the second mode 1n response to

the sensing signal.
16. A method of driving a display device, the method

comprising;

selecting one mode from a first mode and a second mode;

displaying a valid image 1 a first display area and a
second display area, corresponding to the first mode;

displaying the valid image 1n the first display area, cor-
responding to the second mode;

generating supplementary image data corresponding to at
least a portion of the second display area that 1s a
folded, rolled, or bent display area in the second mode,
corresponding to the second mode; and

displaying and periodically shifting a supplementary
image 1n the second display area, corresponding to the
supplementary 1mage data,

wherein, 1n the second mode, the supplemental 1image 1s
displayed and periodically shifted on a non-visible

10
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portion of the second display area that 1s not exposed to
a user and 1s overlapped by another portion of the
display device that 1s folded, rolled, or bent over the
non-visible portion, and

wherein the supplementary image corresponds to 1mage
data of a boundary pixel column at a boundary of the
first and second display areas, and remains the same
size as the supplementary image 1s shifted across the
non-visible portion of the second display area during
the second mode.

17. The method of claim 16, further comprising:

outputting a sensing signal by sensing a deformation of a
display panel comprising the first and second display
areas,

wherein one mode 1s selected from the first and second
modes 1n response to the sensing signal.
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